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Tests were performed to determine the.effect of xyli-
dlnes of the corrosiveness of aircraft-engine oil toward
engine bearings M part of an invent.i~tlon on the suita-
bility of xylidines as an antlknook component Lz aviation
*soline. The Shell thrust-bearing corrosion tent was per-
formed with 65 copper-35 lead bearinga using new oil both
without and with xylidf.nemand used oil from piston-ring
sticld.ngengine runs bath without and with ~lidines added
to the fuel and.the oil.

The results of the Shell t.hruskbearing corrosio~.te~t
are summarized an

Sample

Navy 11?0

follows:

TJeering10ss at
225° F

0.37
NEJV 1120 +0. ~percert xylidinea 1.7
iiaq llto+l-:jercent xylidinos 1.6
Navy 1120 +3-perce?t -xyl.idinea -c●2 .
Navy 1120, umd without xylidines ~e~
Navy 1120, used with wLid.ineo in
fuel and oil .51

20 hours (mg/cm2)
320”’ I’

16.1
1.0
3-.-
2.2
6.6

4.5

An examination of bearing sectd.oaspe~ei-idicul= to the
bearing surface revealed that--thecorrosion-with straight
mlneml oil was largely a losEIof load and for the corrosion
with the oils that contain xylidinsathe copver in the bearing
was attaoked as well. The effeot of xylidines on the corro-
siveness of aircraft-engine lubricating oil WQS negligible oro
if anytM.ng, was to render the oil leas corrosive toward
oopper-lead bearings uuder the conditions of the Shell thrust-
bearing corrosion t?st.
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As part of an investigation on tho auitabill~ of ~li-
dines as an antiknock component in aviation gasoline, tests
were conducted to determino the effect of xylidines on tho
corrosiveness of aircraft-engino oil to-d engine bearings.
Such tests were advisable because of the inovitabili~ of
fuel contaminating the lubricant either untitentionally from
blow-by or intentlmal~- from tho practice of “fuel dumpirqg’f
during cold-woc.thoroperation. Ehe Shell thrust-bearing
corrosion test was utilized. This tegt employs a laborator]
mchine tkt simulates the moro important mechanical factors
leating to corrooion of bo~~hgs and permits a relative eval-
uation of oils in regaud to bcarlng corrosion.

Eow oil w!th no xylidines and with xylidincs ad.dodin
several concentr-.ticmsaniiuood Oil fro= niston-ring StiCIC~i?g
runs both without and with ~’lidines added to the fuel and
oil wero used In tho corrcsion tests.

The investigation was conducted at the request of the
Army Air Yorcos at the Aircraft Engine Eosearch L%borstory
of the I!ationnlAdvisory Committee for Aeronautics, C1OV3
I.md, Ohio, during May and.June 1943.

JWPARWUSAm PRocm?um

The Shell thrust-bearing corrosion machine has boon
described in a naper given before the American Chemical Sc-
cie~ (reference 1). In the machi~e threo flat bearing spe-
cimens, 3/~ by 1/2 Inches, are mounted In a stool cup to form
a Kingsbury thnst bearing, and corrosion is detorminod by
the weight loss of thoso bearing syecimens aftor tho machine
has bcon operated under prescribed conditions.

Operating Conditions for Thrust-Bearing Corrosion Machine

Temperature, ‘F . . . . . . . . . . . . . . . . . 225andj20
Speed, ram . . . . . . . . . . . . . . . . . . . ...2400
Land,lb/sqin. . . . . . . . . . . . . . . . . . . . . .120
Samplovolume,ml. . . . . . . . . . . . . . . . . . . . 35
Airflowoversmrple,cmj/min . . . . . . . . . . . . ..5
Stool disk taurfaco . . . Mirror finish with levigatod alumina
Bearing specimen . . . . . . . . . . . . . . . . 65 CU-35 Pb
Bearing specimen surface . . . . . . Polished (reference 2)
kationoftost, hr. . . . . . . . . . . . . . . . . . . 20
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In order to provide more oomplete Information on the
nature cf bearing oorroslon, photomlorographs of bear- aeo-
tione pgqendto~ “tothe bearimg surface were prepared.
These seotkms were also examined under the llght mlorosoope.

lm!r SPECIMENS

out *W” -
The 1/2- by 3/4-lnoh bearing specimens were

at stooks of 65 coppa-35 lead. Although it is
olalmed that the oondltlon of the bearing surfaoe is not
oritioal under the test oonditiona,both the bearing specimens
and the hard steel be=ing disk were surfaoed by the usual
metallographlo methode to uulform, reproducible oonditione.
(See reference 2.)

-“ - New oll eemple8 were prepared frcm Navy
~20 h rioating oil d xylldines. Fropertle8 Gf the vM.-
dlnea are lleted in raferenoe 3. Used oll samples were obtained
at the end of plston-ring aticking tests with a single cylinder
frcnna 12-cY1inder l.icmld-cocled emzine. The used ofl s@cs
were fllter~d before ~esting. The ~avy
dines were used In the engine tests.

11.2Cloil and the ~li-.

TABLE OF OSLS k

Navy 1120
Nav~ 1120 + O;5-percent xylldines
Navy 1120 + l.O-peroent xylidlnes
Navy 1120 + 3.O-pcn%ent xylldinee
Series 11, used oil, no xylidlnes
Serlea 13, used ofl, xylidinea In fuel and cdl

RIHJLTS AKO DISCUSSION

Figure 1 presents the 10S6 in bearing weight inmllll-
gramn per square centlmstor for the various 01.1stested.
These EUW averag~ valros for several rune. Average rePr*
duclbllity was 25 poroent. Figure 2 presents ropresentativo
photcdorographs of bearing seotlons for each of the oil
samples tested.

Referenoe 1 states that, from the lnforx&ion on oils
for whhh servloo records ~ available, oorroskn 10SGOS
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in a 20-hour t~t-bearing corrosion test of less than 0.3
milligrams per square centimeter aro negligible, losses from
1 to 5 milligrams per taciuarecentimeter indicato that the oil
~ bo potentially oorroslvo, and lossoo of 5 milligrams por
square centimeter or more indicate the oil to ho very defie
nitely corrosive.

At the lower test toqeraturo of Z@ ~, none of tho oils
teetcd displa~od uoro than a ver.-slig!lt‘~otentialcorrosivo-
ncss. Tho used oil from the yiston ri~~uticking test with
xylidinos in the fuel and the gil was not corrosive. At t%o
higher test to~oraturo of ~?p F, tho I’avy1120 oil both new
and usc~ was cerrosivo under tho to~t conditions: the sa~los
containing ;~lidines ‘“ereclaasifi.odas only potentially cor-
rosivo.

An oxamhation of tho to~t-epocimon soctionc rovoaled
that tho corrosion with straiglntmineral oil was laiigolya
loss of load; whorcas, for the corrosion with tho oils con-
taining xylidincs, the ccqcr in the bw.ring was attuckcd
as well.

Aircraft lkgii~eRosoarch Laborato~,
~i,ltiomlMvisow Committee for Ao~~uticsr

Clovelazzd,ohiO, July 3, 1943.

——



5

... . .-
,,. .

1. Tdley, S. K., Larson, R. G:, and Webb, W. A:: A La-
boratory Machine for Invostlgating Corrosion of
Bearings. Payar presented before Petroleum Div.
Am. Ohm. Sot. (Atlant@ City), SoPt. 1941. Abs.
in Nat. Potroleuml%m, vol. =11, no. 38, pp.
R-294 and %296.

2. Grange, H. L.: %tdlographio Preparation of Copper-
Lead Bearings. Hotal Progresn, vol. ~S, no. 5,
Nov. 1940, pp. 674-676.

3. Olson, Welter T.: Tho Lo*Tmporature Solublllty
of Twhnioal ~lldinos In Aviation Gasolino. . m
Memo. r~., iiMA, Jume 1+,1943.



o

16

z
0+
WI
\
w
0 8

o

l“”” d, 1 1 , 1 , # s, n , ,, 1 * n,

h“ lomal A(IVISO- CommYttee

.

225° F

177 V7

I 1
??avy 1120 Navy 1120 Navy 1120 Navy 1120 Used Navy used Navy

011 oil 4 0.5$ 011 + 1$ 011 + 3$ 1120 oil 1120 oil +
xylidlnes xylidines xylldlnes xylidlnes

Figure 1. - Effect of xylidines on corrosion. Load, 120
pounds; speed, 2400 rpm; air flow, 5 cubic centimeters per
minute; duration of test, 20 hours; specimens, 65 copper-
35 lead bearing. (Used oil from ring-sticking tests. )



(a) Navy 1120 oll at 225° F. Average loss,
0.87 mi.lllgramper square centimeter.

(b) Navy 1120 oj.1at 320° F. Average loss,
1S.2 milligrams per square centimeter.

(c) Navy 1120 011 PIUS 0.5 percent xylidines
at 225° F. Average loss, 1.7 milligrams per
square centimeter.

(d) Navy 1120 oil plus 0.5 percefit xylidines,
at 320° F. Average loss, 1 milligram Der.
sauare centimeter;

National Advlaory
Committee for Aeronn.utica

Figure 2. - Corrosion tes$s on xylidines and Navy 1120 oil
Thrust, 120 pounds; speed, 2400 rpm; air flow over surf-
ace, 5 cubic centimeters per minute; duration of test,
20 hours; specimens, 65 copper-35 lead bearing. Magnifi
cation X400. (used oil from ring-sticking tests.)



Figure 2. -
Navy 1120
flow over

(e) Navy 1120 oil plus 1 percent xylidines “
at 225° F. Average loss, 1 milligram per

(f) Navy 1120 oil plus 1 percent xylidines
at 320° F. Average loss, 3.8 milligrams
per square centimeter.

9

(h) Navy 1120 oil plus 3 percent xylidines
at 320° F. Average loss, 2.2 nIilligWMIS
per square centimeter.

HationalAavieorr
Comlttee for Aeronautics

Continued. Corrosion tests on xylidines and
oil. Thrust, 120 pounds; speed, 2400 rpm; air
surface, 5 cubic centimeters per minute; dura-

tion of test, 20 hours; specimens, 65 COPPer-35 lead
bearing. Magnification X400. (Used oil from ring-
sticking tests.)



“(i) Used Navy 1123 oil from ring-sticking
test on single–cylinder engine at 225° F.
Average loss, 1.4 milligrams per square
centimeter.

(j) Used Navy 1120 oil from ring–sticking
test on single-cylinder engine at 320° F.
Average loss, 6.6 milligrams per square
centimeter”.

(k) iJsed Navy 1120 oil plus 0.5 percent
xylidines from ring-sticking test on
single-cylinder engine at 225° F. Aver–
age loss, 0.51 milligram per square cen-
timeter.

(1) Used Navy ‘1120 oil plus 0.5 percent
xylidines from ring-sticking test on
single-cylinder engine at 320° F. Aver-
age loss, 4.5 milligrams per square cen-
timeter.

.. NationalAdvisory
Committee for Aeronautics

Figure 2. - Concluded. Corrosion tests on xylidines and
Navy 1120 oil. Thrust, 120 pounds; speed, 12400 rpm; air
flow over surface, 5 cubic centimeters per minute; dura-
tion of test, 20 hours; specimens, 65 copper-35 lead
bearing. Magnification X400. (used oil from ring- -.
sticking tests.)
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